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(54) RADIO DEVICE 

(57) A radio equipment 1000 separates a signal of 
a specific terminal from signals from adaptive array an- 
tennas #1 to #4, based on a reception weight vector cal- 
culated by a reception weight vector calculator 20. Re- 
ception coefflcient vector calculator 22 provides an im- 
pulse response of a signal propagation path of the spe- 
cific terminal. A transmission coefficient vector estinria- . 
tor 32 predicts a propagation path at the time of trans- 
mission, from the result of estimation by the reception 
coefficient vector calculator 22. The transmission weight 
vector calculator 30 controls, based on the result of pre- 
diction by the transmission coefficient vector estimator 
32, the antenna directivity at the time of transmission. 
Thus, degradation of error rate of the down link gener- 
ated by the time difference between up/down links can 
be suppressed. 
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Technical Field 



Background Art 

[0003] Fia 30 shows «n =rr Jl« sysiem. of which some have been practically implemented. 

[0004] Referring to Fig. 30 FDMA TDMA anrt p^ma u I ^ "'"'"P'^ ^'^'^^^s (POMA). 

analog signals o f'users'l to 4 a, e tlS^^ ^^^^^ f""^- "^'S" ^«P'«««"ts FDMA In which 

quendes f1 to f4. and the signals o Scttl u7e'rs 1 to 4^'^^^^^^^^^ "^'f^™"* 
[00051 In TDMA shown in Pin tniM . ^ users 1 to 4 are separated by frequency Altera. 

Lrintfreq?enl\m:;ra:'d 

Of respective users are separated by theCueni^tll (bme slot: a prescribed time period), and the signals 

terminals of respective users ""^^ and time-synchronization between a base station and mobile 

enable transmission of data of a pfuXoJu^era aTsho!!^ p °' °^ '^""""'^ ^^^^^''^ '^'^^^ ^ 

are separated by the frequency firrl meLe sv^chrnn^^T k f «*P««=«^» "sers 

the following literature, 

•1 . »2. n, -. . Ita hMct,M „ea 3 .Z^ . r^. STLk ,1? " I""* IW " >nl«>nas 

re<»M. A s«»„d hatohM 7 a mSTi, ,3 "~""«™ ""fno. 2 can t. 

en b. received. - I™" Mi«»nl anoKer radio bee. sl.iion 6 

use- 8 e,™ „ an »,„»»,„^ Werter.n " et^inX a™a 3 ditL^'™' T » «( Ih. 

ria::^'S!„i\u~d*:.rt^r.^^^^^ 

nec„.a„„es.,„.,sp.*„„ed.»d^.nC«Srarn,':S:S:5,Xt^^^^ 

IConll9„„uon and OperaBon otcen«„«ona. Ad«*,. A„a, Anieana) 

.00.2, ,„ ^ „ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
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1 performs the following processing. Fig. 32 is a schematic block diagram showing the configuration of the adaptive 
array radio base station 1 . 

[0013] Assuming that A(t) represents the signal from the user A and B(t) represents the signal from the user B, a 
signal x1(t) received in the first antenna #1 forming the array antenna 2 shown In Fig. 31 is expressed as follows: 

5 

x1(t) = a1 X A(t) + b1 X B(t) 

where a1 and b1 represent coefficients changing In real time, as described later. 
10 [0014] A signal x2(t) received in the second antenna #2 is expressed as follows: 



x2(t) = a2 X A(t) + b2 X B(t) 

15 where a2 and b2 also represent coefficients changing in real time. 

[0015] A signal x3(t) received in the third antenna #3 is expressed as follows: 

x3(t) = a3 X A(t) + b3 X B(t) 

20 

where a3 and b3 also represent coefRcients changing in real time. 

[0016] Similarly* a signal xn(t) received in the n-th antenna #n is expressed as follows: 

2^ xn(t) = an X A(t) + bn x B(t) 

where an and bn also represent coefficients changing in real time. 

[0017] The above coefficients a1 . a2, a3, an show that the antennas #1 , #2, #3, #n forming the array antenna 
2 are different in receiving strength from each other with respect to the radio signal from the user A since the relative 

30 positions of the antennas #1 , #2, #3, #n are different from each other (the antennas #1 , #2, #3, — . #n are arranged 
at intervals about five times the wavelength of the radio signal, i.e., about 1 m, from each other). 
[001 8] The above coefficients b1 . b2, b3, • bn also show that the antennas #1 , #2, #3, #n are different In receiving 
strength from each other with respect to the radio signal from the user B. The users A and B are moving and hence 
these coefficients a1. a2. a3, — , an and b1, b2, b3, **% bn change in real time. 

35 [0019] The signals x1(t), x2(t), x3(t). — , xn{t) received in the respective antennas #1. #2. #3, #n are input to a 
receiving unit 1R forming the adaptive array radio base station 1 through corresponding switches 10-1, 10-2. 10-3, 
10-n respectively so that the received signals are supplied to a weight vector control unit 11 and to one Input of each 
of the corresponding multipliers 12-1, 12-2, 12-3, — , 12-n respectively. 

[0020] Weights w1, w2, w3, wn for the signals x1(t), x2(t). x3{t), • xn(t) received in the antennas #1. #2. #3, 
40 #n are applied from the weight vector control unit 11 to other inputs of these multipliers 12-1, 12-2, 12-3, 12-n 
respectively. The weight vector control unit 1 1 calculates these weights w1 , w2, w3. — , wn in real time, as described later. 
[0021] Therefore, the signal x1(t) received in the antenna #1 is converted to w1 x (a1A(t) + b1B(t)) through the 
multiplier 12-1 , the signal x2(t) received in the antenna #2 is converted to w2 X (a2A(t) b2B(t)) through the multiplier 
1 2-2, the signal x3(t) received in the antenna #3 is converted to w3 x (a3A(t) * b3B(t)) through the multiplier 12-3, and 
45 the signal xn(t) received in the antenna #n is converted to wn X (anA(t) + bnB(t)) through the multiplier 12-n. 

[0022] An adder 13 adds the outputs of these multipliers 12-1, 12-2, 12-3. — , 12-n, and outputs the following signal: 

w1(a1A{t) + b1B(t)) + w2(a2A(t) + b2B(t)) + w3(a3A(t) + b3B(t)) + ... + wn(anA(t) + bnB(t)) 

50 

[0023] This expression is classified into terms related to the signals A(t) and B(t) respectively as follows: 



(wlal + w2a2 + w3a3 + — + wnan)A(t) + (wlbl + w2b2 + w3b3 + — + wnbn)B(t) 

55 

[0024] As described later, the adaptive array radio base station 1 identifies the users A and B and calculates the 
aforementioned weights w1 . w2. w3. wn to be capable of extracting only the signal from the desired user. Referring 
to Fig. 32, for example, the weight vector control unit 11 regards the coefficients a1, a2, a3, — . an and b1, b2, b3. 
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bn as constants and calculates the weights w1 w2 w3 wn c« th u « . 

1 and 0 as a whole respectively, in order to ex^a^t only'th^ Am ^ ''?!^"^"*' °' "'^""'^ and B(t) are 
[0025] In other words, the weight vector comroruS; ?^ "^^^ ^ communication, 

calculating the weights wl. w2. w3. .... wn on tea! Sme basS s^^^ ""^^^ thereby 

and 0 respectively: ""^ ^"^^'^ the coefficients of the signals A(t) and B(t) are 1 



wlal + w2a2 + w3a3 + - + wnan = 1 
w1b1 + w2b2 + w3b3 + ... + wnbn = 0 



55 



output signal = 1 x A(t) + 0 X B(t) = A(t) 
[User Identification, Training Signal] 

LoiigXrero?areterHrs:n 

the radio base station and data (sound etc ) Snffslg^ a Jl!,?""''''" ""^ « "'9"^' ''^^"ence known to 
[0030J The Signal sequence of the preamt^e incites 1 sion^. 1 ^ "''^ i""*^"*" *° ''^^^ «*^«°"- 

not the user is a desired user for making communSSon ShJ ^rh" °\ recognizing whether or 
(Fig. 32) Of the adaptive array radio base starnT^-^Ta^^^^ 

a memory 14 with the received signalsequence and ^rfn^c 1 T ^ "'desponding to the user A fetched from 
a signal apparently including the signal ^^^ZTco'^sT^ZTtZT Trt ^'T''"" °^"^'3'^''> ^'^-^S 
1 outputs the Signal from the user A extracted in^he aforrme^ «onpH ^ ^""^ "'^""^^ ^^^^ station 

[0031] Referring again to Fig 32 an e,.fpmrt o^f ^'°'®.'"«"»">"ed manner as an output signal SRvft). 

array radio base s'taLlaSsupJi^dTon^^^ 

W2.W3. previously calculates by the weiS vec ™ 15-3. 15-n. The weights wl . 

»nto the area 3 shown in Rg. 31. ^wiicnes lo-i, 10-2. 10-3. 10-n respectively, and transmitted 

Slra^sr^^^^^^^ 

signal as if the signal has directivity to the user A ^4 tT„« f "ser A receives the transmitted radio 
and the adaptive array radio base station 1 ^^SqedislcSrj? .k ^''^ ^'9"^' the user A 

the radio signal with directivity toward the tL^eTport^^^^^^^^^^ ''-^ station 1 transmits 

m F.g. 34 in contrast with the area 3 of Fig. 3? shovWna ft! «E! f .f ^ ^'^"3' area 3a 

[0034] As described above, in the PDMA m^l^^*^ ^ ^'^'"^"^ '^^^'"^"^ «'aves. 
this point, an adapUve array W p'aci lrrn Jhe ntfrlT' " "^'^^^^^'^ '° ^--"^^ co-channel interference. In 
effectively suppress the inteWwave w^n ,he te^ro' ^JZT''''''' «^ " 

desired wave. '"^ '^^^1 °f the interfenng wave is higher than the level of the 

[0035] When an adaptive arrav is used fnr a h= , ,■ 

pattern may be newly generated t-as^in a ^ of — ^ !" ^"^^ "^"^^ --P"-- or the array 

applicable no matter whether FDD (Frequency D vtCn DuZ ^^^^^^ ^'^^"P'^- "^^^ '^«er method is' 

however, a complicated process. When the foLer approach So bl <^"^^.P':'^'°" D"P'ex) is used. It requires, 
array arrangement or weight becomes riecessaTas .ETrn-a^ oatt^rn,^^^ T " '^"^ "'°dification of the 

Therefore, generally, application is on the premise that TDoTs ut^uS an?^^ transmission and reception are different, 
continuous, satisfactory characteristic has been ensured environment where external slots are 
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[0037] As described above, in the TDD/PDMA method using an adaptive array in the base station, when an array 
pattern (weight vector pattern) obtained for the up link is used for the down link, transmission directivity may possibly 
be degraded In the down link because of time difference between the up and down links, assuming a dynamic Rayleigh 
propagation degree with angular spread. 
5 [0038] More specifically, there is a time interval from transmission of the radiowave from a user terminal to the base 
station through the up link until radiowave Is emitted from the base station to the user terminal through the down link. 
Therefore, if the speed of movement of the user terminal is not negligible, transmission directivity degrades because 
of the difference between the direction of radiowave. emission from the base station and the actual direction of thjs user 
terminal. 

10 [0039] As a method of estimating weight for the down link considering such a variation In the propagation path, a 
method of performing first order extrapolation utilizing a weight vector value obtained in the up link has been proposed 
in the following articles. 

(1) Kato, Ohgane, Ogawa, ttoh, Proc. of the institute of Electronics. Information and Communication Engineers 
15 (B-ll). vol. J81-B-II, No. 1, pp. 1^9, Jan. 1998. 

(2) Doi, Ohgane, Karasawa, Technical Report of the Institute of Electronics, Information and Communication En- 
gineers, RCS97-68, pp.27-32, Jul. 1997. 

[0040] However, when time change of the weight is actually monitored, it is not linear, and therefore, the conventional 
20 method utilizing the first order extrapolation of the weight vector results in a large error. 

[0041] The present invention was made to solve the above described problem, and an object is to provide a radio 
equipment in which, based on the finding that weight of the adaptive array can be uniquely represented by the response 
vector of each antenna element, time change of the response vector is estimated so as to indirectly estimate the weight, 
whereby degradation of error rate in the down link generated from time difference between up and down links can be 
25 suppressed even in the TDD/PDMA systems, assuming a dynamic Rayleigh propagation path with angular spread. 



Disclosure of the Invention 



[0042] According to claim 1, the present invention provides a radio equipment changing antenna directivity on real 

30 time basts and transmitting/receiving signals time divisionally to/from a plurality of terminals. Including: a plurality of 
antennas arranged in a discrete manner; and a transmission circuit and a reception circuit sharing the plurality of 
antennas for transmitting/receiving signals; wherein the reception circuit includes a reception signal separating circuit 
for separating a signal from a specific terminal among the plurality of terminals, based on signals from the plurality of 
antennas, when a reception signal is received, and a reception propagation path estimating circuit estimating a prop- 

35 agation path from the specific terminal based on signals from the plurality of antennas, when the reception signal Is 
received; the transmission circuit includes a transmission propagation path estimating circuit predicting a propagation 
path when a transmission signal Is transmitted, based on a result of estimation by the reception propagation path 
estimating circuit, and a transmission directivity control circuit updating the antenna directivity when the transmission 
signal is transmitted, based on the result of estimation by the transmission propagation path estimating circuit. 

40 [0043] According to claim 2, the radio equipment corresponds to the configuration of the radio equipment according 
to claim 1 and, in addition, an up link slot of the signal transmitted/received to/from the specific tenminal includes a first 
training data area of a first prescribed size provided at a head of the up link slot, and a second training data area of a 
second prescribed size provided at a tail of the up link slot; the reception propagation path estimating circuit provides 
a first estimation value and a second estimation value of the propagation path from the specific terminal based on data 

45 of the first and second training data areas; and the transmission propagation path estimating circuit predicts the prop- 
agation path when the transmission signal is transmitted, by extrapolation of the first and second estimation values. 
[0044] According to claim 3, the radio equipment corresponds to the configurafion of the radio equipment according 
to claim 2. and. In addition, the reception propagation path estimating circuit provides a first reception coefficient vector 
and a second reception coefficient vector corresponding to an impulse response of the specific terminal of the propa- 

50 gation path from the specific terminal, based on the data of the first and second training data areas, respectively. 

[0045] According to claim 4, the radio equipment corresponds to the configuration of the radio equipment according 
to claim 3, in addition, the reception propagation path estimating circuit provides the first reception coefficient vector 
and the second reception coefficient vector, by ensemble average of each of the signals received by the plurality of 
antennas and a signal from the specific terminal separated by the reception signal separating circuit. 

55 [0046] According to claim 5, the radio equipment corresponds to the configuration of the radio equipment according 
to claim 1, and, in addition, an up link slot of the signal transmitted/received to/from the specific temninal includes a 
training data area having a prescribed number of training data' provided at a head of the up link slot, and a data area 
having a plurality of data each representing information from the specific terminal; the reception propagation path 
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agation path estimating circuit predicts p^^^^^v.^^'^^^'^ area respectively: and the trar,smission pro,^ 
of the first and second estimation values transmission signal is transmitted, by extrapolation 

L^iis^rrdrn^t^^^^^^^^^^^ 

coefficient vector and a second reception coeffiden v^^T n- T «"«^«ss«,ely provides a first reception 
of the propagation path from the specie teSTbasXa^^aK^^'T^ ^^P""^" "^^ '^'"'"^ '^"-'"^^ 
[0048] According to claim 7. the radio eq^ment ~Sin^^^^^ "^'"'"^ ""^ "^^'^ 

' to claim 6. and In addition, the first recepL coriiS vSr ,h "^'^^ equipment according 

derived by steepest descent method ^^'""ent vector and the reception coefficient vector are successively 

sively derived by recurslve least square method s"cces- 

siif:rn'^,:;Lta^^ 

training data area having a prescribed numbrr of tSn^^J '"'^'"des a 

area having a plurality of dat^ each represenSno^nfSSon fr^^^^ ' °' "'^'''^'^ -"'^ ^ ''^ta 

estimating circuit provides a plurality £ SalnTZr^J^e orlVo'^^^^ T;""= ^'"P^^ailon path 
the data of the training data area and the dafa a?ef ^espltivX and m " °" 

circuit regresses the plurality of estimation values and prSSr^Ll ,1 '"^^'T^'"" P^P^^^""" P^*" ^^f^-ating 
mltted. by extrapolation based on a result of regr^ Jion "^^^9^"°" ^^en the transmission signal is trans- 

TcJailn^rinS^^ 

ception coefficient vectors corresponding to impu s^^^^^^^ circuit successively provides a plurality of r^ 

the specific terminal, based on a plurali^ o^ S n tJe t Jr!™^T °^ P-opaflation path from 

[0052] According to claim 11 th^ rlrt rjJ^^ . ^^'^''^ ''^^ ^'^^ ^"'^ ^l^^ ^^^^^ ^^e^ 
toc,aim10.andinaid;fontlMu.^^^^^^^^ 

method. ^ are successively provided by steepest descent 

tS irarKdt^:.;^x:t°:rr^^^^^^ 

square method. ^ ^^fi^e"* vectors are successively provided by recursive least 

receiving reception signals from the pluralltJcJantS^as and^ nf ^ calculating unit 

for separating a signal from the spedfic telTnal a liroK " ^^'S''' ^^-^t*^ 

signaisfrom the Plurality of antennas respSeryanJre^Sinoco^^^^^^^ '""^'"'"^ '"P"* ^««=«P«on 

respectively at the other input, and an addradd^no ^nnTr 1 ?'^'^ 

directivity control circuit Includes a trans^ss" n te g't S cZlatL'S'' °' transmission 
based on a result of estimation from the transmisSn Dm.«Ltt^n ? "'"^'^"^ * transmission weight vector 

multipliers each receiving at one input a transrsSS a„d ^ ' "'"^^'"^ °' ^^'^""'^ 

input and applying to the plurality of antennas rasJSit3y ^ transmission weight vector at the other 

toS inriri":;vrz^^^^^^^ 

receiving reception signals from the Plurality'of anS^^^^^^ ^ ^^^^t" "^'^'"^ '=^'«"««"9 

for separating a signal from the specific terminal a Zr^L oJS u""^ ^ "^"'S^^ sector 

signals from the plurality of antennas respectSy and^eceilo 1?^^^'^ ^^'.^ ^* °™ '"P"»«^^ ^^^^P""" 

attheotherinput.andanadderaddingsignari^l,he^^^^^^^ 

.ncludes a moving speed determining urSt deterninrspeei^o^moS'^T'^ 

of estimation by the reception propagation path e^iZti-nci Hr«,if movement of the specific terminal based on a result 
a transmission weight vector based^n a rSt SesS^^ 

a switching drcuit receiving the transmission v^ltt^rTnd^^^^^^^^ Propagation path estimating circuit 

in accordance with a result of determination by thfmS so^e^de Lm'^ ""T' ""'^ «-'«<=«vely outputting 
receivingatone inputatransmlssion Signal anSeSnTIno^^^^^^^^^ 

and applying to the plurality of antennas. respecfivir '^ ^^''^'"3*^'™'*^**«°»'«^'"P"t respectively. 

recelvingreceptionsignalsfrom.hep.u.lity^fanSr^^^^^^^^^^^^ 
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for separating a signal from the specific terminal, a reception signal level operating unit receiving the reception signals 
from the plurality of antennas and providing a reception level of the signal from the specific terminal, a plurality of first 
multipliers receiving at an input the reception signals from the plurality of antennas respectively, and receiving corre- 
sponding elements of the reception weight vector at the other input respectively, and an adder adding the signals from 
the plurality of multiplying units; and the transmission directivity control circuit includes a reception signal level deter- 
mining unit determining a reception signal level of the specific tenninal based on a result of operation of the reception 
signal level operating unit, a transmission weight vector calculating unit providing a transmission weight vector based 
on a result of estimation by the transmission propagation path estimating circuit, a switching circuit receiving the trans- 
mission weight vector and the reception weight vector and selectively outputting In accordance with a result of deter- 
mination by the reception signal level determining unit, and a plurality of multipliers receiving at one input the trans- 
mission signal and receiving an output of the switching circuit at the other input respectively, and providing to the 
plurality of antennas, respectively. 

Brief Description of the Drawings 

[0057] 

Fig. 1 is a schematic block diagram showing a configuration of a radio equipment (radio base station) 1000 of a 
PDMA base station to which the present invention is applied. 

Fig. 2 is a flow chart illustrating an outiine of the operation of the radio equipment (radio base station) 1000. 
Fig. 3 Is a schematic diagram representing a basic operation of a transmission coefficient vector estimator 32. 
Fig. 4 shows another configuration of the reception coefficient vector calculator 22 in accordance with a modification 
of the first embodiment. 

Fig. 5 is an illustration showing the concept of propagation patti estimation, when estimation is to be performed 

successively. 

Fig. 6 Is an illustration showing the concept of propagation path estimation in which a regression curve is calculated 
from impulse response successively found for the up link slot period. 

Fig. 7 is a first schematic illustration showing an AR model in accordance with the seventh embodiment. 

Fig. 8 is a second schematic illustration showing the AR model of the seventh embodiment. 

Fig. 9 is a schematic block diagram showing the configuration of a filter A (z) shown in Fig. 7. 

Fig. 10 is a schematic block diagram showing the configuration of an inverse filter W (z) of the filter A (z) in the 

AR model. 

Fig. 11 is an illustration representing a transmission path model in which 13 reflection points are arranged at equal 
interval. 

Fig. 12 is a schematic illustration of the TDD/PDMA system. 
Fig. 13 shows a slot configuration of PDMA 

Fig. 14 shows an ideally estimated BER characteristic when maximum Doppler frequency f^ is 5Hz, where the 

abscissa represents average /Nq (ratio of average energy to noise power density per bit. represented by average 
Eb /Nq in the figure; same in other figures), while the ordinate represents an average bit error rate (in the figure, 
represented by average BER; same in other figures). 

Fig. 15 represents the ideally estimated BER characteristic when the maximum Doppler frequency ^ is 20Hz. 
Fig. 16 represents the ideally estimated BER characteristic when the maximum Doppler frequency %^ Is 40Hz. 
Fig. 17 represents average BER characteristic estimated by RLS extrapolation when the maximum Doppler fre- 
quency fd is 5 Hz. 

Fig. 18 represents average BER characteristic estimated by RLS extrapolation when the maximum Doppler fre- 
quency f(j is 20Hz. 

Fig. 19 represents average BER characteristic estimated by RLS exti-apolation when the maximum Doppler fre- 
quency fd is 40Hz. 

Fig. 20 represents average BER characteristic estimated by SMI extrapolation when the maximum Doppler fre- 
quency f^ Is 5Hz, 

Fig. 21 represents average BER characteristic estimated by SMI extrapolation when the maximum Doppler fre- 
quency fj is 20Hz. 

Fig. 22 represents average BER characteristic estimated by SMI extrapolation when the maximum Doppler fre- 
quency f(] Is 40Hz. 

Fig. 23 represents average BER characteristic with respect to angular spread when the maximum Doppler fre- 
quency fj is 5Hz. 

Fig. 24 represents average BER characteristic with respect to angular spread when the maximum Doppler fre- 
quency fj is 20Hz. 
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Sncy "fsToH? '° -9"'- spread Z the maximum Dopp.er fre- 

Fig. 33 is a schematic diag^n^^repr3 ^^^^^^^^ "'"P*'^" ^^^^ station. 

Fig. 34 is an Illustration represlE^nSsioi^^^^^ '"'f "'^""'^ °' " ♦^'^P'^""-- 

station and a user. ^ transmission/reception of radio signals between an adaptive array radio base 

Best Mode for Carrying Out the Invention 
[First Embodiment] 

[0060] in the transmlssion/receptirsylterTiSi'shoiSln 5^^^^^^^ ^ ""'"''^^)- 

tennas #1 to #4 and separating a signaTS^a S^es^iil^^^L^ '^"^'^ ? ^""^ '^^'"'""^ ''S"^'" ''""^ 
ST1 for transmitting a signal to user ?sTa^ pr^vSrSnJe^^^^^^^^^ '"'T"' ^ 
or t^nsmission unit ST1 Is selectively switcheCswitcrerit 1 to^^^^ '"''""^^ *^ *° ^""^ 
[0061] More specifically, reception signals RX1 (t), RX2(t) RXSft) and RX^^n • « • ^ u 

input to reception unit SR1 through corresponding swiSes ^1 in p ?it* ^ ^^'^ ^««P«=«iv» ^"tennas are 
vector calculator 20 and a reception coeffictent vectrcalcu^Lr ? ^"""^^ ^ '^'^P""" ^^^'S^ 

12-2. 12-3 and 1 2-4, respectively. calculator 22, as well as to one Input of each of multipliers 12-1 

rlllS^oJ::^^^^^^^^^^^ weight coefHcients wnc11. wrx21. w,x31 and wrx41 for th 

vecto/calculateryrZ'reS^^^^ 

a propagation path at the time of transmissiSi tat if es.fmat^^^^^ 

transmission: a memory 34 communicatino datk w?.h thff ^ ^' '^^P"°" '=«»ff'«='ent vector at the time of 
holding data: a transmLon wei~or'cruirr 

of estimation by transmission coefficient vector esSo^ £ aJd^^^^^ °" 
one input a transmission signal and at the oSer iS^ Z^^i^iTJ^^''!?'^'' ^"'^ '^■'^ ^^=«'ving at 

mission weightvector calculator 30 resDeMv S,^^ coefficients wtx11. wtx21. wtx31 and wb<41 from trans- 
switches 1 0-1 to 1 0-4 to antenna #T,rS"'^"'' '"""^^ 

Sed'Si,^^^^^ 

[Principal of Operation of Adaptive Array] 

following equations. ^ '"^ ^^^^^^ ^^e'v^" by the antennas are represented by the 

RXi(t) = hnSn«,(f)+h,2Srx2(t)+n,(t) 



I 
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RXgW = h2iSrXi(t)+h22Srx2(t)+n2(t) 



(2) 



RX3W = ^31 Srxi{t)+h32Snc2(t)+n3(t) (3) 

RX4(t) = Srxi(t)+h42Srx2(t)+n4(t) (4) 

[0067] Here, the signal RXj{t) represents a reception signal of the j-th G = 1, 2, 3, 4) antenna, while the signal Srxi 
(t) represents a signal transmitted from the i-th (i = 1 . 2) user. 

[0068] Further, the coefTicient hjl represents a complex coefTicient of the signal from the i-th user and received by 
the j-th antenna, while nj(t) represents noise Included In the 'yVn reception signal. 
[0069] The equations (1) to (4) above in vector representation are as follows. 

X(t) = Hi SrXi (t)+H2Srx2(t)+N(t) (5) 



X(t) = [RXi(t).RX2(t) RX4(t)] 



Hj = [hii.h2i h4j]'.(i = 1.2) 



N{t) = [ni(t). njW, .... n4(t)]' 



(6) 
(7) 
(8) 



[0070] in equations (6) to (8), [••*] T represents transposition of [•••]. 

[0071] Here, X(t) represents an input signal vector, Hi represents a reception coefficient vector of the i-th user, and 
N(t) represents a noise vector, respectively. 

[0072] The adaptive an-ay antenna outputs a signal synthesized by multiplying the input signals from respective 
antennas by weight coefTicients wrx1i to wrx4i, as a reception signal SRX(t) as shown in Fig. 1. 
[0073] Now, on the premise of the above described preparation, the operation of an adaptive array extracting the 
signal Srx1 (t) transmitted from the first user is as follows. 

[0074] The output signal y1(t) of adaptive array 100 can be represented by the following equations, by a multiplication 
of Input signal vector X(t) and the weight vector W1 . 

y,(t) = X(t)w/ (9) 



Wi= [wrx^^, wrxj^, wrx3i, wrx4i]^ 

[0075] More specifically, the weight vector W1 is a vector that has, as components, weight coefficients wrxj1 (j ' 1 • 
2, 3, 4) to be multiplied by the j-th input signal RXj(t). 

[0076] Now, when we substitute input signal vector X(t) represented by the equation (5) for y1 (t) represented by the 
equation (9), the following equation results. 

y1(t) = H^ W J Srxi(t) + HgW/SrxjW + N(t)w/ (11) 

[0077] When adaptive array 100 operates ideally here, weight vector W1 is sequentially controlled by weight vector 
control unit 11 to satisfy the following simultaneous equation, by a known method. 

HiW/ = .1 (12) 
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H,w/ = 0. (,3j 

Sve r;r?s™^^^^^^^ - .e outp. s.„. 

y1(t) = Snc,(t) + N,(t) 
N, (t) ni (t)w„ + njWwai + nj^Wa, + n4(t)w,, (15, 

[0079] Namely, as the output signal y1 (t). the signal Srx1{t) transmitted by the first of the two users is obtained. 
[Summary of Operation of Radio Equipment 1000] 

St in'JenJdn ' """'^"""^ ^" °' ' "^^'^ ''P-^"- -'^^ ^^"'P-ent 1 000 as the base of the 

tZUrd ui^utTtVe?^^^^^^^^^ --or, Of the adaptive an.y can 
by estimating time variation Of theCtion S 

SsteTs^oiS^^^^ 's estimated, based on the recep«on 

mitted from the user. In accordance v^th equa3(V) t^r response of the signal trans- 

[Operation of Reception Coefficient Vector Calculator 22] 

Sg^Vb;?es'Sbe7 ^ accordance ^.h the first embodiment shown in 

oZlfrom^e^pTo:^^^^^^^^^^^ users communicate simultaneously The signals 

[0088] At this time the receron sinn^i. . 1 ? represented by the equations (1) to (4) above, 

tationi are. ag^rgiven aTe^^^^^^^^^^ ^"'^""^ equations (1) to (4) in vector represen- 

X(t) = H,Six,(l) + H2Srx2(t) + N(t) 

X(t) = [RX,(t).RX2(t) RX„(t)lT 

=1^1.^21 hrt]\(i = i,2) ^ 

N(t) = [n,(t).n2(t) n„(t)f 
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vectors HI = [h11. h21, h31. h41] and H2 = [h12, h22. h32. h42] in the following manner. 

[0091] More specifically, by multiplying the reception signal by the known user signal, for example, the signal Srxl 
(t) from the first user, an ensemble average (time average) can be calculated in the following manner. 

ElX(t) • Srx/(t)] = Hi • E[SrXi(t) • STX^*(t)] +H2 • ElSrx2(t) • Srx/ (t) + E [N(t) • Srx/(t)] (16) 

[0092] In equation (16), E[- •] represents the time average, and S*(t) represents a conjugate complex of S(t). When 
the time for averaging is sufficiently long, the average value can be given by the following. 

E[Srx1{t) • Srx*(t)] = 1 (17) 



^5 E[Srx2(t) • Srxl *(t)] = 0 (18) 

E[N(t) • Srxr(t)] = 0 (19) 

20 [0093] Here, the value of equation (18) becomes 0. as there is no correlation between the signal Srx1(t) and the 
signal Sn(2(t). The value of the equation (19) becomes 0, as there is no correlation between the signal Srx1(t) and the 

noise signal N(t). 

[0094] Therefore, the ensemble average of equation (16) is, as a result, equal to the reception coefficient vector HI, 
as shcv/n below. 

25 

E[X(t) • Srx/(t)) = H^ (20) 

[0095] By the above described procedure, the reception coefficient vector H1 of the signal transmitted from the first 
• user PS 1 can be estimated. 

[0096] In the similar manner, by an ensemble averaging operation of input signal vector X(t) and the signal Srx2(t). 
it is possible to estimate the reception coefficient vector H2 of the signal transmitted from the second user PS2. 
[0097] The above described ensemble averaging is performed for a train of a prescribed number of data symbol at 
the head and a train of a prescribed number of data synfibol at the end within one time slot at the time of reception. 

35 

[Estimation of Transmission Coefficient Vector] 

[0098] Fig. 3 is a schematic diagram representing an operation of the transmission coefficient vector estimator 32. 
Consider a 8-slot configuration in which 4 users are allocated for up and down links as PDMA burst. As to the slot 
configuration, the head 31 symbols constitute the first training symbol train, succeeding 68 symbols constitute data 
symbol train and the last 31 symbols constitute the second training symbol train, for example. 
[0099] As described above, training symbol trains are provided at the head and at the end of the up link slot, and 
both reception coefficient vectors are calculated using the algorithm of the reception coefficient vector calculator 22 
described above. 

45 [01 00] By linear extrapolation, the reception coefficient vector for the down link is estimated. 

[0101] More specifically, assuming that a value at an arbitrary time point t of an element of the reception coefficient 
vector is f(t), based on the value f(tO) at a time point tO of the head training symbol train of the up link slot and on the 
value f(t1) at a time point t1 of the last training symbol train of the up link slot, the value f(t) at a time point t of the down 
link slot can be predicted in the following manner. 

50 

f(t) = 

[f (t1) - f (tO)] / (t1 - tO) X (t - tO) + f (tO) 

55 

[0102] More specifically, the training symbol trains are provided at the head and at the end of the up link slot and 
first order extrapolation is performed In the above described example. A training symbol train may be additionally 
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provided Within the up linic slot '"«r"s.ng the number of positions at which training symbol trains are 

[Determination of Transmission Weight Vector] 

i) Method Utilizing Orthogonalization 

Eie S;"^aTo?aTeTprTn:r "^l.T'' ' ' = ^ 

[01051 Assume that I nLZ^i^H.. ^ '° ^'""""^"S conditions should be satisfied 

0. h2 (4rh3 tV ) h^.^^^^^^^^^^^ <T''"°" vector) tor the user PS2 is (,) = fM' (2, 

vector for t|!.e pvth antenna o 1 q- h user I ll^r^'H rr'"*"' " ' °' "^^ ^"^ffi'^'^nt 
been predicte^ln the Ziar manr^^ 

isZing:^ndS"''*'""'"^'*°^^^^^^ 

c1) W(1) (i) Tvd) (i) = g (constant value) 
c2) II W(i) (i) II is a minimum value 

[0107] The condition c2) corresponds to minimization of the transmission power, 
li) Method Utilizing Spurious Correlation Matrix 

irrZc"v?ei^^^^^^^^^ rnt 1^; ^'^'"^"'^ ^ «'"'~'«"« 

weight vector as W. optimal wSrWo^Sn be a|f n ^.h.^^^ 

vector is controlled to minimize mearsauTre S^^rnn 7'"^ '"'""""^ *'«'9M 

(t) (MMSE standanl: leastZa« mel^stL:^^^^^ = ^» ^"^ ^ ^'^^^"^ ^'9"^ «« 



,-1 



'opt ~ "xx J21) 
[01 09] Here, the following relations must be satisfied. 

Rxx = E[X-(t)xT(t)] ^22) 

^xd = E[x*(t)d(t)] ^23) 

ivi^^Lsr^is'isr^^^^^^^^^^ :™/c;;rtnnere'''" -"--"'^ - ---'"e 

feringwave. an array pattern to suppress unnecessary inter- 

p. sp":::urcr,a?nl^aL^r^^^^^^^ — . calculated in accordance 

following equation, as already dTscJbS °' "^^^ » "e given bjthe 
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[0113] At this time, the autocorrelation matrix Rxx (i) of the virtual reception signal at t = iT can be given by the 
following equation, using VW (i). 



^(0=ZJ^^*^'(jF^*^^(0+A^r - (25) 

[01 1 4] Here, N is a virtual noise term added, as Rxx (I) should be an integer. In the calculation for the present invention. 
N is N = 1.0 X 10-5. as an example. 

[0115] The correlation vector rxd (i) between the reception signal and the reference signal is given by the following 
equation. 

r,,{l) = vW*(i) (26) 

[01 1 6] Thus, the down link weight at time t = IT can be calculated by the equations (21 ). (25) and (26). 
[0117] The inverse matrix operation of the equation (25) can be optimally calculated for the user k In accordance 
with the lemma of inverse matrix. Especially when there are two users, the weight can be calculated In accordance 
with the following simple equations. 

\/\^'\iMP22^N)\^'^*(i) . p,2V^'^* (0 (27) 



... (28) 



[01 1 8] The method of calculating a weight vector when autocorrelation matrix Is given in this manner is described, 
for example, in T. Ohgane, Y. Ogawa, and K. Itoh, Proc. VTC '97. vol. 2, pp. 725-729. May 1997 orTanaka, Ogahne, 
Ogawa, Itoh. Technical Report of the Institute of Electronics, Information and Communication Engineers, vol. 
RCS98-117, pp. 103-108. Oct. 1998. 

iii) Method Directing a Beam to User PS1 

[01 1 9] Focusing on the point that the beam is directed to the user PS1 . what Is necessary is to satisfy the following 
equation. 



W^^* (I) = V^^^ (i) * 

[0120] By determining the weight vector at the time of transmission by any of the above described methods for 
transmission, it is possible to suppress degradation of transmission directivity of the down link generated by the time 
difference between the up an down links even in the TDD/PDMA method, assuming a dynamic Raleigh propagation 

path including angular spread. 

[Modification of the First Embodiment] 

[0121] In the first embodiment, propagation path estimation Is performed by using ensemble average represented 
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by the equation (20). 

101271 TlHmto., I„ Hs c«nmu»llo„, 1, is possnfe » awn a™il„ a, in me w enbodl,™,«. 

[Second Embodiment] 

LXUuVtS, (?or'°''"'"' ''^"^ -'"9 — "'e average reprBsented 

^ITLJ^r^^!^'^'"' ^"L^^f,""^"'- propagation path estimation is performed by using correlation vector of the 

^opt - f^^xd (21) 

Rxx= E[X*(t)xT(t)] (22) 

r^d = E(x*(t)d(t)] (23) 

'":^S.o^:::^Z^'^^^^ ^^-i-g manner, when the weight 

fxd = [E [RXi (t) d (t) •] E tRX4 (t) d (irf 

~ [h,,, hj,, hj^, h4,] 

vector is used calculated, as the denved value of the correlation 

101341 Tt^u^. by sucb a procedure *eo. .inriler «.cts « In the Ml emb«l™nt can b, attained. 

Third Embodiment] 

mm ^JL^L^t^T propagation path estimation Is performed by using the correlation vector 

[0137] A value obtained by subtracting a result of multiplicaUon of the signal Snci (t) f^m the first user PS1 output 
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from the adaptive array antenna by a virtual reception coefficient vector (t) from the value f the signal Rxi (t) from 
the ith antenna is newly referred to as Rxi' (t). 



RXi' (t) = RXi (t) - h'„ (t) Srx1 (t) 



[0138] Reception coefficient vector calculator 22 In accordance with the third embodiment calculates the value h',i 
(t) that minimizes E [ | Rxi' (t) R by the following sequential method. 

[0139] Assume that data from k = 0 to k = M (for example 119) are contained in one up link slot. 

[0140] When the true reception coefficient vector Is represented by h'„ (t). the value E [|Rxl' (t) |2] Is minimized, when 

the following condition is satisfied. 



h'„(t) = h„(t) 

[0141] When the steepest-descent method is used, the following recurrence formula for W\^ (k) (the value when the 
time t = kT, k: natural number) is obtained. 



h n (k+1) = (k) + ji {RXI (k) - h'„ (k) • Srxl (k)} • Srxr(k) 

[01 42] Here, the constant \i represents a step size. Though not limiting, the initial value of h'n (k) may be h'n (0) =0. 
[0143] Fig. 5 is an illustration showing the concept of propagation path estimation, when estimation Is performed 
sequentially. Fig. 5 is to be compared with Fig. 3. In con-espondence with calculation of h'n (k) by the recun-ence 
formula, the time tO of the up link slot is set to be the preamble end time point, and the time point t1 is set to be the 
end time point of the up link slot. Therefore, the training symbol train have only to exit at the head of the up link slot. 
[0144] By performing this operation for every antenna, it is possible to calculate the reception coefficient vector for 
the user PS1 and to predict the propagation path. 

[0145] When the similar pnDcess Is performed for the user PS2, It is possible to calculate the reception coefficient 
vector for the user PS2 and to predict the propagation path. 

[0146] The subsequent procedure for determining the transmission weight vector can be perfonned in the similar ' 
manner as the first embodiment. 

[0147] Therefore, by this configuration, similar effects as in the first embodiment can be attained. 

[0148] Further, propagation path estimation can be performed in tiie similar manner in accordance with the method 

using another recurrence formula, which will be described in the following. 

[01 49] Though the time tO is set to be the preamble end time point in Fig. 5. the time point tO is not necessarily limited 
to this position. The time point tO may exist in the training symbol train, or It may exist in the data symbol train. Further, 
though time point t1 is set to be the time point of the up link slot, the time point t1 is not necessarily limited to this 
position, either. 



[Fourth Embodiment] 

[0150] in the third embodiment, the reception coefficient vector for each user is calculated sequentially 

[0151] Anothermethod of calculation by the reception coefficient vector calculator 22 will be described in the following 

as the fourth embodiment. 

[0152] A value obtained by subtracting a result of multiplication of the signal Srx1 (t) from the first user PS1 output 
from the adaptive an-ay antenna and a virtual reception coefficient vector h'^ (t) and the result of multiplication of the 
signal Srx2 (t) from the second user PS1 and a virtual reception coefficient vector h'i2 (t) from the signal RXi (t) of the 
itii antenna is newly referred to as RXr (t), Namely, 



RXi' (t) = 



RXi (t) - h'„ (t) • Snd (t) - h\ (t) ■ Srx2 (t) 



[0153] In reception coefficient vector calculator 22 in accordance with the fourth embodiment, h'^ (t) and h*|2 (t) tiiat 
minimize the value E [ |RXi* (t) |2] are calculated together in the following manner. 
[0154] More specifically, when 
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H'i(t) = Ih'„(t).h'e(t)f 

SRX(t) = [Srx1 (t).Srx2 {t)f. 

from the condition that the gradient of E [ |RXi' (t) R with respect to the vector H', (t) Is 0. the following equations can 
be obtained, where the true reception coefficient vector is represented as H'lopj (t). 



*^iopt(0 = Rss*^'*sx 
Rss"^ = E [SRX* (t) SRX"^ (t)] 
r,, = EISRX-(t)RX|(t)I 

[0155] The concept of propagation path estimation in this manner Is similar to the concept shown in Fig. 3, for ex- 
ample. 

[01 56] When this operation Is performed for every antenna, it is possible to calculate the reception coefficient vectors 
for the users PS1 and PS2. and to predict the propagation path. 

[0157] The subsequent procedure for determining the transmission weight vector can be performed in the similar 
manner as in the first embodiment, 

[0158] Therefore, by this configuration, similar effects as in the first embodiment can be attained. 
[Fifth Embodiment (Proposed Method 1)] 

[0159] A still further method of calculation by the reception coefficient vector calculator 22 will be described in the 
following, as the fifth embodiment. The following method is equivalent to a so-called Recursive Least-Squares algorithm 
(RLS algorithm). 

[0160] A value obtained by subtracting a result of multiplication of an output signal vector SRX (t) output from the 
adaptive array antenna and a virtual reception coefficient vector Hf (t) from the signal RXI (t) from the Ith antenna is 
newly refen-ed to as RXI' (t). Namely. 

RXi"(t)=RXi(t)-H',^{t)SRX{t) 
[0161] According to the RLS algorithm, the following equaUons hold. 

H',(k+1) = H',(k) + R„-' (k) SRX* (k) RX,' (k) (29) 

RXI'(k) = RXi(k)-H','^(k)SRX(k) (30) 

Rss"' (k) = 1/X ■ R^^-' (k-1) 
- 1/X • [Rss"' (k-1) SRX' (k) SRX (k)T R„-' (k-1) ]/[3i + SRX (k)^ R^,' \k-1) SRX* (k)] 

[oimI u ^ " assumed that data from k = 0 to k = M (for example. 119) are contained in one up link slot. 

S. n^?' ^ <° " ^ ^ represents a forgetting factor. Initial values of various elements of H', (t) may 

be set to 0, though not limiting. ' ^ ' ^ 

ihlwn P'°P^9^"°" P^"^ estimation may be performed in the similar manner as represented by the concept 

10165] When this operation is performed on every antenna, ft is possible to calculate the reception coefficient vector 
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for the user PS1 and to predict the propagation path. 
[0166] When similar processing is performed for the user PS2, It is possible to calculate the reception coefficient 
vector for the user PS2 and to predict propagation path. 

[0167] The subsequent procedure to determine the transmission weight vector can be performed in the similar man- 
ner as in the first embodiment. 

[0168] Therefore, by this configuration, it is possible to attain similar effects as in the first embodiment. 
[Modification of the Fifth Embodiment (Proposed Method 2)] 

[0169] In the fifth embodiment, prediction of the propagation path is performed from the data of two points, that is, 
time points tO and t1 . in accordance with the concept shown In Fig. 5. 

[0170] In the modification of the fifth embodiment, a regression cun^e is calculated and used for first order extrapo- 
lation, from impulse responses of which number corresponds to the number of data symbols successively calculated 
In the up link slot period + 1 . 

[0171] Fig. 6 is an illustration showing the concept of estimating propagation path (impulse response), by calculating 
the regression cun/e from the successively calculated impulse responses of the up link slot period. As compared with 
extrapolation of two points only, the number of data is significantly increased, whereby estimation error can be sup- 
pressed. 

[0172] As to the method of extrapolation using regression curve, it is not limited to the first order extrapolation de- 
scribed above, and extrapolation curves of higher order may be used, and alternatively, regression by periodic function 
such as sign cosine function may be performed for extrapolation. 

[Sixth Embodiment] 

[0173] A still further method of calculation by reception coefficient vector calculator 22 will be described In the fol- 
lowing as the sixth embodiment. The method described in the following is equivalent to a so-called steepest descent 
method (LMS algorithm). 

[0174] As in the fifth embodiment, a value obtained by subtracting a result of multiplication of output signal vector 
SRX (t) output from the adaptive array antenna and a virtual reception coefficient vector H'T (t) from the signal RXi (t) 
of the ith antenna is newly refenred to as RXr (t). 

RXi' (t) = RXi (t) - H'i"^ (t) SRX (t) 

[0175] According to the LMS algorithm, the following equation holds. 

H'l (k+1) = H'i (k) + ^l SRX* (k) RXi' (k). 

[0176] It is again assumed here that data from k = 0 to k = M (for example, 119) are contained in one up link slot. 
[0177] Here, the constant \i represents a step size, and it must satisfy the following relation, from the condition of 
convergence. 

0< \i<MX max 

[0178] Here, X max is the maximum eigen value of the correlation matrix Rx^. The initial values of various elements 
of H'j (t) may be set to 0. though not. limiting. 

[0179] Thus, propagation path estimation may be performed in the similar manner as the concept shown in Fig. 5. 
[0180] When this operation is performed for every antenna. It is possible to calculate the reception coefficient vector 
for the user PS1 and to predict the propagation path. 

[0181] When the similar process is performed for the user PS2, it is possible to calculate the reception coefficient 
vector for the user PS2 and to predict the propagation path. 

[01 82] The subsequent procedure to determine the transmission weight vector may be performed in the similar man- 
ner as in the first embodiment. 

[0183] Thus, by this configuration. It is possible to attain similar effects as in the first embodiment. 

[0184] In the sixth embodiment, it is possible as in the modification of the fifth embodiment to calculate a regression 

cun^e from the impulse responses of which number corresponds to the number of data symbols successively calculated 
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ioiS^,"''iK' • *° P**"" extrapolation. ^ 

.rnLiretiorsr:^^^^^^ 

co.ancev.t.t.eSM..e..o.p4a.arprc:^nK^^^^^^ 
[Seventh Embodiment] 

Sn/a "LTv:;r^^^^^^ -ctor calculator 2a w«l t,e described in the 

model). ^"""^"S « equivalent to a soHjalled AR model (Autoregresslve 

As can be seen in Fig. 7. time chanqe of me eZlnt f m? ^ ^ «he seventh embodiment, 

error (white gauss noise). -»"en.T w is regarded as the AR model. Her*, v (t) represents prediction 

f0190] When the aforementioned V?tn^^^^^^ 
h..^ttinganunwnw.^^^^^^^ 

0192 .n'Rg.rm?X ion SS^^^^^ ' T'"'''°'' ^.r^^.^^ r. 

ioi93i If {f4> i;Tn"K,;rrd:rrnVw^^ '"'"i^^^^^ ^ 

diagram representing a configuration' of the inver^forfiS^^^^ ^° 

methis. ' "^^"'^ ^"""^^ stained as in Jfi.t embodiment, similar to other 



[Computer Simulation] 



Sep'l^po^sSreS^^^^^^^^^^^ 

on the error rate will be described ^""""^ "'^ ^"^ embodiments described above 

P'^ol'of'l^^^^^^^^^ r ^' '° ''^ '''--ed in the following. A. a 

13 reflection points are arranged at eS fnte^trSerJ uTsT^ ~ 

displace at the Doppier frequencv are franlm ' J.u '^^"'"^'^ "i"'«P"e waves including 13 waves that 
are provided with mutually differenTdispla^^^^^^^^ '"""^'^ '^'^^^ P°'"'«. «hat wave phases 

KL' rL'dSVo^" ^ c'er.ed from the wave path length is 
mil] ItitelZTST^^^^^^^ 

vary as the fading value varies l.at oSat^^^^^^^^^ ^^^^ ^'^^-'^ 

is performed using the weight obtained f^r the up STs ,r?oMhrrw ! r"^' '""^ '^-"^-ntesion 

pattern, because of time difference in transmission ^" S^"*^^'^'' the array 

the elements being d is used as the bZ stS^Tn^T^^T ''''''^^''^^^^^^^^ 

[0202] Signal coming direction f^r resSrusers a^ ,^^^^^ T ^fr""""'^*^ ^^'"^ 

spread Ae and the average power are equal. ^P^sented as 6, and 62. and it is assumed that the angular 

f0203] The set parameter values are as follows- d = 5 X 6 - Ode 

inlnrns symbol Win. «,a aiceeMIni 97 VvrZ, ■ conli9„r.l,of,. Ihs l»M 31 symbols oonsUlule Ih. 

100,000 times. ^^"^ E'ror rate) is calculated for buret transmission of 
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i) Characteristic with respect to average E^/No. 
i-1) Ideal estimation 

5 [0206] First, let us consider an example in which ideal weight estimation (conventional method) and channel esti- 
mation (propagation path estimation: proposed method) are performed for the lower limit of BER characteristic. 
[0207] More specifically, the weight for the down link is estimated by calculating the weight and the result of channel 
estimation of the tail of the training symbol train and the tall of the data symbol train by Wiener solution and performing 
linear extrapolation. As a reference, an example is also shown in which the weight of the tail of the up link slot is fixed. 

10 [0208] Figs. 14 to 16 respectively represent the Ideally estimated BER characteristics when maximum Doppler fre- 
quency fb is 5Hz, 20H2 and 40Hz. The angular spread AG is Sdeg. In Figs. 14 to 16, the abscissa represents average 
E^/No (ratio of average energy to noise power density per bit. in the figure, represented by Average Eb/N^; same in 
other figures), and the ordinate represents average bit error rate (in the figure, represented by Average BER; same in 
other figures). 

15 [0209] According to the conventional method. BER characteristic degrades as the Doppler frequency f^ increases. 
The difference Is clearly seen when Fd = 20Hz. According to the conventional method, the result becomes flat at a 
high Ej/No, while according to the proposed method, characteristic approximately equal to that of the up link can be 
obtained. When f^ = 40Hz, degradation is noticed even when the proposed method is used. However, compared with 
the conventional method, the characteristic is better in the order of two magnitudes, where E^/Nq = 30 dB. 

20 

i-2) Estimation by RLS extrapolation 

[0210] Next, consider estimation by RLS extrapolation under the same condition. 

[0211] Two proposed methods will be discussed, that is, an example in which RLS first order extrapolation Is used 
25 (proposed method 1) and an example in which RLS first order extrapolation by regression curve is used (proposed 
method 2). 

[0212] Figs. 17 to 19 represent average BER characteristics estimated by RLS extrapolation for the maximum Dop- 
pler frequency f^ of 5Hz. 20Hz and 40Hz, respectively. The RLS forgetting factor is set to 0.9. 
[0213] When compared with the example in which ideal estimation result is used, the characteristics are approxl- 

30 mately the same when a fixed weight Is used. When weight extrapolation is used and when the proposed methods are 
used, average E^/H^, 7-8dB degradation is noticed. The possible cause may be estimation error. 
[0214] Partlculariy when f^, = 5Hz, the result is the worst when the proposed method is used. When fj = 20Hz and 
40H2, however, the characteristic lowers at high Eb/N^ when the proposed methods are used. Therefore, as compared 
with the conventional method, the characteristic better in the order of 1 to 2 order of magnitude can be obtained at E^J 

35 No = 30dB. 

[021 5] The proposed method 2 exhibits slightly better characteristic than the proposed method 1 , and possible reason 
for this is that estimation error can further be suppressed by the proposed method 2. 

i-3) Estimation by SMI extrapolation 

40 

[0216] An example in which estimation by SMI extrapolation is used under the same condition will be discussed. 
[0217] An example In which training symbol trains of 15 symbols are provided at the head and the tail with a data 
symbol train of 98 symbols in-between of the up link slot (proposed method (15)) and an example for comparison in 
which training symbol trains of 31 symbols are provided at the head and the tall with a data symbol train of 66 symbols 

in-between (proposed method) (31)) will be discussed. 

[021 8] The conventional method using first order extrapolation of weight will be compared with the proposed method 
and analyzed. 

[0219] Figs. 20 to 22 represent the average BER characteristic estimated by SMI extrapolation, when maximum 
Doppler frequency f^ is 5Hz, 20Hz and 40Hz. 
so [0220] The numerals in parentheses represent the number of training symbols. 

[0221] The characteristic is approximately the same as the estimation made by ELS extrapolation. Closely analyzed, 
it can be seen that the proposed method 2 of RLS is almost the same as the proposed method (15) of SMI, and the 
proposed method (31) of SMI is slightly better. The reason for this may be that when the number of symbols used for 
averaging process is larger, the influence of noise can be reduced. 

55 

ii) Characteristic with respect to angular spread 

[0222] The average E^Mq is fixed at 30dB, and the characteristics are compared with the angular spread AO being 
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used as a parameter. 



correlation lowers 

foS. rSaTS^ir^ = ^ - incases. THe reason for «, 

[0227] When = 20Hz. both degradaUon onh^rh". T . ' ^^"^'^ ^^'^ ""'ained in the down link 

Characteristic derived from d^Je^ty^at are obs^^^^^^^^^ ''^^'""^ '^'""^ Improvement of te 

S.oo'^t.t Z^i^g^^^^^^^^^^ ^o^dirnt -V case, and ,t is 

[0229] When ideal estimation fs uSd ch^alS^'"" "^.^^ characteristic caused by pattern variation 

= 5H2 and 20Hz. approximately the same as the up link can be obtained with f. 

Hi) Characteristic with respect to the maximum Doppler frequency 

LXsa^dB^^^irirs^^^^^^^ 

ventionai method, the er«,r rate degrades abmX L f Tl^^ r'°?^ "'"^ extrapolation is used. In the con- 
degradation is small up to about f^ = 40Hz. " "'"'^^t. by the proposed method, degree of 

[Eighth Embodiment] 

terminal, and a switch 54 receiving an output of lUe^^^lZZ Tt "^^'T "'"^ ""^^'^ °' movement of the user 
weight vector calculator 30 and sLctiveirapljJn^^^^ 

of determination by moving speed deteSg^rttS ExcLmhc ^.k^ '^"^ with the result 
equipment (radio base station) in acco^jr^im lnv of ' the same as the radio 

[0233] More specifically as alrBadvrf«!.riK^^^ ^ '° ^^"^"'^ embodiments, 

it may be better'not to'^'rf^rSaTed^^^^^^^^^^ 

weight vector as in the conventional configuSton shorin Fta Z ^ "" ^^'f ! ^««='°r directly as the transmission 
estimaHng the propagation path and prediction ^CpagJSon'pam' ' """" "'^ "^^^ ^ 

movement, switch 54 switches so that the eSpZSchtTr^- .' '"^^^ " predetem,ined speed of 

it is determined by the moving speed detSCunrt K Sat t^.l' '° »° ^sJ: When 

tem,ined speed of movement. Ltch 54 s3s "o thaT?i^rcJr;'"f " "P*"'' »he prede- 

applied to multipliers 1 5-1 to 15^. By this coXration Tt becl» of ransm.ssion weight vector calculator 30 is 
rate over a wide range of the speed Of movemJrS^^^^ 
[Ninth Embodiment] 

S PO^A^::::^:::::^^^^^ ^ -^^-^ equipment (radio base station) 3000 

[0236] The configuration is differen^fmm thl ! r °^ the present invention. ' 

embodiment Of the'presentiL'lrshori^TS^ --"^-^ with the first 

signals from array antennas #1 to #4 and calculating a 'eve ofl Zl" 'T"""" 

sS^^n^rpuT^^^^^^^^^^^^ 
ca.cu.ator30andselectivelyap..ngth^samerS^^^^^^^ 



20 




EP1 189 364 A1 




of reception level determining unit 56. Except this point, the configuration is the same as the radio equipment in ac- 
cordance with any of the first to seventh embodiments. 

[0237] More specifically, in a range where the reception signal level from the user temiinal Is small, it may be better 
not to perform such a prediction but to use the reception weight vector directly as the transmission weight vector as in 
the conventional configuration shown in Fig. 32, because of the prediction error In the process of estimating the prop- 
agation path and predicting the propagation path. 

[0238] Therefore. In the radio equipment 3000 in accordance with the ninth embodiment, when It Is determined by 
the reception level determining unit 58 that the level of the reception signal from the terminal is lower than a predeter- 
mined reception level, switch 54 switches so that the reception weight vector is directly applied to multipliers 15-1 to 
15-4. When it is determined by the reception level determining unit 58 that the level of the reception signal from the 
terminal is higher, the switch 54 switches so that the output of transmission weight vector calculator 30 is applied to 
multipliers 15-1 to 15-4. 

[0239] By the above described structure, it becomes possible to realize data transmission with low error rate over a 
wide range of the reception signal level. 

[0240] The reception signal level from user PS1 , for example, can be calculated from the reception coefficient vector 
in accordance with the following equation. 



[0241] The same applies to the reception signal level from other users. 

[Tenth Embodiment] 

[0242] Fig. 29 is a schematic block diagram representing a configuration of a radio equipment (radio base station). 
4000 for PDMA base station in accordance with the tenth embodiment of the present invention. 
[0243] The configuration Is different from the configuration of the radio equipment (radio base station) 3000 in ac- 
cordance with the ninth embodiment of the present invention shown In Fig, 28 in that the reception level determining • 
unit 58 is replaced by a terminal moving speed determining/reception level determining unit 60, which has, in addition 
to the function of determining the reception level, the function of determining speed of movement similar to that of the 
moving speed determining unit 52 in accordance with the eighth embodiment. Except this point, the configuration is 
the same as the radio equipment (radio base station) 3000 in accordance with the ninth embodiment. 
[0244] By the above described configuration, it becomes possible to realize data transmission with low error rate 
over a wide range of the speed of movement and wide range of reception signal level of the mobile terminal. 
[0245] It should be considered that the embodiments disclosed herein are in every point Illustrative only and not 
limiting. The scope of the invention Is represented not by the descriptions above but by the claims, and all the modifi- 
cations within the scope of the claims and equivalents thereof are covered. 

[0246] As described above, according to the present invention, time change, of the reception coefficient vector of 
the adaptive array is estimated to indirectly estimate weight variation, so that even in a dynamic Raleigh propagation 
path with angular spread, for example, degradation of error rate in the down link generated by the time difference 
between up and down links can be suppressed. 

[0247] Further, according, to the present invention, data transmission with low error rate becomes possible over a 
wide range of the speed of movement and/or wide range of reception signal level of a mobile terminal. 



1 . A radio equipment changing antenna directivity on real time basis and transmitting/receiving signals time division- 
ally to/from a plurality of terminals, comprising: 

a plurality of antennas an-anged in a discrete manner; and 

a transmission circuit and a reception circuit sharing said plurality of antennas for transmitting/receiving signals; 
wherein 

said reception circuit Includes 

a reception signal separating circuit for separating a signal from a specific terminal among said plurality of 

terminals, based on signals from said plurality of antennas, when a reception signal Is received, and 

a reception propagation path estimating circuit estimating a propagation path from said specific terminal based 



Pi = H^^/N = (h„2 + h2i^ + h3^2 + h4i^)N 



(32) 
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said fraSnlir ""'T'"^ ? ^^'^ ^^^«P«on signal is received; 

2. The radio equipment according to daim 1 , wherein 

an up link slot of said signal tiansnr.itted/received foWrom said specific terminal includes 

3. The radio equipment according to claim 2, wherein 

The radio equipment according to claim 3, wherein 

The radio equipment according to claim 1 , wherein 

rtrafnlno dS°J4fh to/from said specific terminal includes 

: Te::zT:sZ\';;z:,7^^^^^^^ '^^rr^ ^ of said up nn. siot. and 

«:aiH roo^^H^ P'uraniy OT oaia each representing information from said specific terminal- 

6. The radio equipment according to claim 5, wherein 
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A radio equipment according to claim 1 . wherein 



and °^ ^'^^'"'"S ^ata area and said data area, respectively; 
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said transmission propagation path estimating circuit regresses said plurality of estimation values and predicts 
propagation path when said transmission signal is transmitted, by extrapolation based on a result of regression. 

10. The radio equipment according to claim 9, wherein 

said reception transmission path estimating circuit successively provides a plurality of reception coefficient 
vectors corresponding to impulse response from said specific terminal of the propagation path from said specific 
terminal, based on a plurality of data in said training data area and said data area. 

11. The radio equipment according to claim 10, wherein 

said plurality of reception coefficient vectors are successively provided by steepest descent method. 

12. The radio equipment according to claim 10, wherein 

said plurality of reception coefficient vectors are successively provided by recursive least square method. 

13. The radio equipment according to claim 1, wherein 

the reception signal separating circuit includes 

a reception weight vector calculating unit receiving reception signals from said plurality of antennas and pro- 
viding, on real time basis, a reception weight vector for separating a signal from said specific terminal, 
a plurality of first multipliers each receiving at one input reception signals from said plurality of antennas re- 
spectively, and receiving corresponding element of said reception weight vector respectively at the other Input, 
and 

an adder adding signals from said plurality of multipliers; and 
said transmission directivity control circuit includes 

a transmission weight vector calculating unit providing a transmission weight vector based on a result of es- 
timation from said transmission propagation path estimating circuit, and 

a plurality of second multipliers each receiving at one input a transmission signal, and receiving said trans- 
mission weight vector at the other Input and applying to said plurality of antennas respectively. 

14. The radio equipment according to claim 1, wherein 

the reception signal separating circuit includes 

a reception weight vector calculating unit receiving reception signals from said plurality of antennas and pro- 
viding, on real time basis, a reception weight vector for separating a signal from said specific terminal, 
a plurality of first multipliers each receiving at one input the reception signals from said plurality of antennas 
respectively and receiving corresponding element of said reception weight vector at the other input, and 
an adder adding signals from said plurality of multipliers; 
said transmission directivity control circuit includes 

a moving speed determining unit determining speed of movement of said specific terminal based on a result 
of estimation by said reception propagation path estimating circuit, 

a transmission weight vector calculating unit providing a transmission weight vector based on a result of es- 
timation by said transmission propagation path estimating circuit, 

a switching circuit receiving said transmission weight vector and said reception weight vector, and selectively 
outputting in accordance with a result of determination by said moving speed determining unit, and 
a plurality of second multipliers receiving at one input a transmission signal and receiving an output of said 
switching circuit at the other input respectively, and applying to said plurality of antennas, respectively. 

15. The radio equipment according to claim 1, wherein 

the reception signal separating circuit includes 

a reception weight vector calculating unit receiving reception signals from said plurality of antennas and pro- 
viding, on real time basis, a reception weight vector for separating a signal from said specific terminal, 
a reception signal level operating unit receiving the reception signals from said plurality of antennas and pro- 
viding a reception level of the signal from said specific terminal, 

a plurality of first multipliers receiving at an input the reception signals from said plurality of antennas respec- 
tively, and receiving corresponding elements of said reception weight vector at the other input respectively, and 
an adder adding the signals from said plurality of multiplying units; and 
said transmission directivity control circuit includes 
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FIG.4 
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